Background: Human skin is exposed to various environmental stresses, such as heat, cold, and ultraviolet (UV) radiation. Heat shock proteins (HSPs) induced by temperature elevations, as a physiologic response to mediate repair mechanisms and reduce cellular damage.
INTRODUCTION
In 1962, Ritossa incidentally made the seminal finding of a 'puffing' pattern in the salivary gland polytene chromosomes of Drosophila busckii after exposure to heat 1, 2 . This finding was the first step in the study of a group of proteins, termed heat shock proteins (HSPs), which turned out to be expressed in all cells and organisms from prokaryotes to humans 3 .
Heat shock and other forms of pathophysiologic stressors induce the expression of HSPs in all types of cells and tissues. The heat shock response results in an increased expression of HSPs, enabling cells to resist damage from further stress exposure. These proteins are found intracellularly and exhibit high evolutionary conservation. This conservation implicates that HSP are necessary for successful survival under hostile environmental conditions 4 . In addition to heat, a wide variety of other stress factors, including chemicals (heavy metals and amino acid analogs), glucose starvation, pathogens, and states of diseases, have been described as inducers of HSP expression [5] [6] [7] . These proteins are therefore referred to as stress proteins 6, 8 . Ultraviolet (UV) radiation is one of the most abundant and potentially harmful environmental factors for human skin, so it is reasonable to inquire whether sun light exposure also induces HSP.
Expression of HSP 70 after UV Exposure

185
In order to understand the response of human epidermal cell lines (normal human keratinocytes, A431 cells, human melanocytes, and SK30 cells) we have examined the expression of HSP70 in those cells. In addition, the expression of HSP70 was determined in human dermal fibroblasts (HDF), which are the main cellular components of the dermis at baseline, and after heat treatment, UVA irradiation, and UVA＋UVB irradiation. In this study, we used an immunoblotting method with monoclonal HSP70 antibody, which is a more sensitive method for detection of HSP than immunochemical techniques.
MATERIALS AND METHODS
Cell culture
Normal human keratinocytes (NHKs): Neonatal keratinocytes were grown from human neonatal foreskin. The keratinocytes were cultured in keratinocyte growth media (Cascade Biologics, Portland, OR, USA).
A431 cells: The epidermoid carcinoma cell line, A431 cells, were cultured in RPMI 1640 (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum.
Normal human melanocytes (NHMs): Human melanocytes were grown from human neonatal foreskin. The human melanocytes were cultured in MGM (Cascade Biologics).
SK30 cells: The malignant melanoma cell line, SK30 cells, was cultured in RPMI 1640 supplemented with 10% fetal bovine serum.
Human dermal fibroblasts (HDFs): HDFs were grown from human neonatal foreskin. The cultured neonatal fibroblasts were grown in M199 (Gibco) supplemented with 10% fetal bovine serum.
Heat treatment
The NHKs, A431 cells, NHMs, SK30 cells, and HDFs were incubated in a 43 o C dry heat chamber for 90 min. After heat treatment, they were transferred to a CO 2 incubator and incubated at 37 o C for 10 hours. The corresponding control cells (unstressed cells) were processed in the same manner.
UV radiation
A SOL 3 solar simulator (Dermalight Systems, Studio City, CA, USA) emitting 10% UVB＋90% UVA with a H1 filter (295∼400 nm), which is similar to natural sunlight, and 100% UVA with a H2 filter (320∼400 nm) were used. The intensity of 10% UVB＋90% UVA was measured with a radiometer equipped with a UVB sensor. The NHKs, A431 cells, HDFs, NHMs, and SK30 cells were exposed to 10, 20, 30 and 50 mJ/cm 2 amounts in the 10% UVB＋90% UVA range. These cells were also irradiated at 4, 16, 32, and 48 J/cm 2 amounts of 100% UVA. All the irradiated cells were incubated at 37 o C for 10 hours in a CO 2 incubator.
Cell viability test
We used acridine orange/ethidium bromide (AO/ EB) staining in Lab-tek slides to determine cell viability. AO/EB solution 0.1 mg acridine orange (Sigma, St. Louis, MO, USA) and 0.1 mg ethidium bromide (Sigma), dissolved in 100 ml phosphate buffered saline (PBS) was added to each chamber (approximately 0.5 cc) and allowed to stand for 40 ∼60 sec at room temperature. We then placed a cover slip on a slide and used a fluorescence microscope to examine it. Live cells had green nuclei, while non-viable cells had orange nuclei.
Western blot
After incubation of the cell cultures at the conditions indicated above, the culture media were discarded, and the cells were lysed by repeated cycles of freeze-thawing in purified water. The lysates were centrifuged, and the supernatants were collected. The total protein content was measured by the method of Lowry et al 9 . Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed. Twenty micrograms of total protein were loaded onto each lane of a 12% gel. After electrophoresis, proteins were transferred to nitrocellulose membranes 10 . Slot blots were then performed for further quantification of HSP70 in whole cell extracts. Blots were incubated with primary antibody, the monoclonal mouse anti-human HSP70 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA). This antibody reacts with HSP70 members, including the constitutive and inducible forms. Bound antibody was detected by peroxidaseconjugated goat anti-mouse immunoglobulins (Tagoimmunologicals, Camarillo, CA, USA). Enhanced chemiluminiscence (ECL; Amersham, Little Chalfont, Buckinghamshire, UK) was used as a detecting agent. We measured the density and the area of the expressed bands with the TINA program, version 2.0 (Raytest Isotopenmessgeraete, Straubenhardt, Germany), assigned a numerical value to them, converted them into percentages, and used them as the result from our study. . In HDFs, some non-viable cells were observed after 32 mJ/cm 2 UVA irradiation. In all cultured epidermal cells, after exposure to 10% UVB＋90% UVA, non-viable cells were detected at 10 mJ/cm 2 and the amount increased in a dose-dependent pattern.
RESULTS
Cell viability test
Most cultured human epidermal cells viability did not change until 16 mJ
Western blot
Cultured NHKs: These cells constitutively expressed high amounts of HSP70 without stress. The expression of HSP70 was significantly increased after heat treatment. The expression of HSP70 was not greater after UVA exposure than at baseline. After exposure to 10% UVB＋90% UVA, the expression of HSP70 did not change until 30 mJ/cm 2 irradiation, but slight upregulation was noted at 50 mJ/cm 2 ( Fig. 1) . Cultured A431 cells: A431 cells constitutively expressed high amounts of HSP70 under unstressed conditions. The increased expression of HSP70 was induced after heat treatment. The expression of HSP70 was the same after UV exposure and at baseline. A431 cells showed an inverse proportion of HSP70 expression to the range of UVA doses. After exposure to 10% UVB＋90% UVA, the expression of HSP70 did not change (Fig. 2) .
Cultured NHMs: HSP70 was constitutively expressed under unstressed conditions in NHMs. The expression of HSP70 was highly increased after heat treatment. After 10 hours of incubation, irradiation with UVA at doses of 32 and 48 J/cm 2 resulted in decreased expression of HSP70 compared to irradiation with UVA at 4 and 16 J/cm 2 . When subjected to 10% UVB＋90% UVA, there was a dosedependent increase in the expression of the HSP70 family, but the expression was decreased at 50 mJ/cm 2 ( Fig. 3) . Cultured SK30 cells: At baseline (unstressed condition), HSP70 was constitutively expressed. The increased expression of HSP70 was noted after heat treatment. HSP70 was not up-regulated by UVA or by 10% UVB＋90% UVA exposure after 10 hours of incubation (Fig. 4) .
Cultured HDFs: The expression of HSP70 was markedly increased after heat treatment. Unlike epidermal cells, HDFs expressed very high amounts of HSP70 compared to baseline after UVA and 10% UVB＋90% UVA exposures. After exposure to 10% UVB＋90% UVA, HSP70 expression increased in a dose-dependent pattern (Fig. 5) .
DISCUSSION
The HSP transiently bind to most cellular proteins and assist in both stabilization and conformational changes from synthesis to degradation. Therefore, HSP carry out molecular chaperone activity [11] [12] [13] . Molecular chaperones are able to inhibit the aggregation of partially denatured proteins and to refold them using ATP 14 . Molecular chaperones prevent inappropriate associations of proteins with each other, and are involved in intracellular transport and the maintenance of proteins in an inactive form until required.
These HSP are classified into the following five major family groups in mammalian cells 14 based on their molecular size: HSP27, HSP60, HSP70, HSP90, and HSP110 proteins in mammalian cells [14] [15] [16] . HSP70 is a set of the most conserved and the best charac- terized proteins in the mammalian system [17] [18] [19] . HSP70 is composed of two major forms in mammalian cells. One is a constitutive form, Hsp73 (Hsc70), which is expressed at high levels at normal temperature and after heat shock. The other is the stress-inducible form Hsp72 (Hsp70), which is expressed at low levels at normal temperatures and at high levels after heat shock. HSP70 plays a major role in keeping the properly folded conformation of important structural proteins below the detection of HSP60 16, [20] [21] [22] [23] . Hsp70 is constitutively expressed in specific skin cells, such as epidermal keratinocytes, that provides a natural barrier against potential environmental stressful attacks [24] [25] [26] . The expression of Hsp70 may be further induced in epidermal keratinocytes by heat treatment, providing a state of resistance against the deleterious effects of heat 16 . UV-induced HSP70 expression was first reported by Muramatsu et al 7, 27 in normal human skin system by an immunofluorescence method; Hsp70 expression was not detected at baseline 7, 27 . However, Trautinger et al 24 indicated that human keratinocytes constitutively express significant amounts of Hsp70. They 24 explained this discrepancy may be due to different techniques, in particular to a higher sensitivity of their three-step immunochemical techniques, as compared to the indirect immunofluorescence of Muramatsu et al 7, 27 . These different results raise the question as to whether UV exposure induces expression of HSP70 in normal human keratinocytes.
Our results showed that in cultured NHKs, down-regulation of HSP70 was noted after UVA exposure. Yet, after 10% UVB＋90% UVA exposure, HSP70 expression did not change until 30 mJ/cm 2 , and at 50 mJ/cm 2 slight up-regulation of HSP70 expression was noted. NHMs showed a high expression of HSP70 at baseline, and a slightly decreased HSP70 expression after 32 and 48 mJ/cm 2 of UVA exposure, although not a significant difference. A431 and SK30 cells constitutively expressed high amounts of HSP70. No additional up-regulated expression of HSP70 was found after UV exposures than baseline. These data indicate that UV exposure may not have much of an effect on HSP70 expression in epidermal cells. Indeed, our results are supported by two other studies. Maytin 5 found 19 stress proteins in mouse keratinocytes using two-dimensional gel electrophoresis and classified them into 3 groups. According to this classification, the HSP70 and HSP90 families are belong to Group 1, which contains the stress proteins induced only by heat shock (not by UV exposure). Brunet and Giacomoni 28 also indicated that Hsp70 mRNA up-regulation could not be induced by UV exposure, at least within 24 hours.
Other data indicated that HDFs show very high up-regulation of HSP70 after UVB and UVA exposure. This is supported by the fact that HSP70 overexpression in transfected fibroblasts was shown to improve cell survival after UV exposure 29 . Keyse and Tyrrell 30 found 32 kD HSP after UVA exposure in EK4 fibroblasts and this HSP may be involved in a photoprotective function. Muramatsu et al 7, 27 suggested that a possible mechanism of inducing HSP expression in UV irradiated fibroblasts was due to UV-labile proteins or UV-induced DNA damage. Trautinger et al 31 reported the expression of HSP72 after UVA radiation in a human fibrosarcoma cell line and suggested that induction of HSP72 is part of an adaptive response mechanism in human cells to UV-related stress.
In summary, epidermal cells (NHK, A431 cells, NHMs, and SK30 cells) showed high baseline HSP70 expression and no more up-regulation after UV irradiation, whereas HDFs showed very low baseline HSP70 expression and high up-regulation of expression after UV irradiation. Thus, the epidermal cells, which are directly exposed to the environment at the outer layer of the skin, possess the molecular chaperone activity of HSP70, not only in the physiologic state, but also in the stressed state. On the other hand, HDFs acquire molecular chaperone function after UV exposure, not in the physiologic state, but in the stress state.
